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Abstract
Juvenile hybrid striped bass (Marone chrysops x M. saxatilis) were fed one of eight diets

to evaluate meat and bone meal as a source of crude protein and essential amino acids. Diets
contained either 0, 15, 20, 25, 30, 35, 40 or 45% meat and bone meal substituted for an
isonitrogenous amount of soybean meal and fish meal. All diets were fed for 7 wk, followed
by a 2-wk digestibility trial. Mean consumption, weight gain, and feed conversion ratio were
not significantly affected by addition of meat and bone meal into diets. Intraperitoneal and
liver lipid concentrations were not significantly affected by meat and bone meal. Fillet prox­
imate composition was not significantly different among treatments. Apparent crude protein,
phosphorus, and amino acid availabilities were significantly lower in fish fed 45% meat and
bone meal compared to fish fed 30% and lower concentrations and generally lower in fish
fed greater than 30% meat and bone meal. Based on these data, it appears meat and bone
meal can be used as the primary source of crude protein and essential amino acids in practical
growout diets for hybrid striped bass, comprising as much as 45% of the diet. Nutrient
availability values were lower in fish fed greater than 30% meat and bone meal and may
restrict usage in some applications.

Culture of hybrid striped bass (Marone
chrysops X M. saxatilis) is one of the new
and most rapidly growing aquacultural pro­
duction industries in the U.S. According to
the first census of aquaculture in the U.S.,
culture of hybrid striped bass totaled $28
million in sales in 1998, producing approx­
imately 4.1 million kg of food size fish and
27 million juvenile fish. However. dietary
formulations are not standardized and sig­
nificant opportunities exist for evaluation of
new feedstuffs.

Detailed nutritional research with the hy­
brid striped bass began in the late 1980s.
To date. nutritional requirements for lysine
(Keembiyehetty and Gatlin 1992: Griffin et
al. 1992). arginine (Griffin et al. 1994a).
sulfur amino acids (Keembiyehetty and
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Gatlin 1993: Griffin et al. 1994b). threonine
(Keembiyehetty and Gatlin 1997). choline
(Griffin et al. 1994c), and phosphorus
(Brown et al. 1993) have been quantified.
Further, estimates of the remaining essential
amino acid requirements are available
(Brown 1995). Given several of the critical
nutritional requirements for this hybrid.
practical diets were developed and are cur­
rently available. To date. mainly soy prod­
ucts have been evaluated as alternative
sources of crude protein and essential ami­
no acids. although numerous other protein
sources such as meat and bone meal
(MBM). poultry by-product meal (PBM).
distillers grains solubles <DGS). hempseed
meal and canola meal have also been in­
corporated into practical diets (Gallagher
1994; Gallagher and LaDouceur 1995;
Brown et aI. 1997; Webster et al. 1997.
1999, 2000). A low level of fish meal is
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TABLE I. Composition ()f diets fed to h.\"hrid striped bass for el'Gluarion of meat and hon£' meal".

449

Concentration of meat and bone mean ('!c-. dry mailer basis)

Ingredient ·0 15 20 25 30 35 40 45

Soybean meal 54.34 41.76 39.35 36.93 34.52 32.10 29.69 27.2!i
Fish meal. menhaden 16.DO 15.01 12.96 10.92 8.88 6.84 4.79 2.75
Meat and bone meal" 0.00 15.DO 20.DO 25.DO 30.DO 35.00 ·moo 45.00
Com grain 20.30 20.30 20.30 20.30 20.30 20.30 20.30 20.30
Fish oil. menhaden 6.78 5.08 4.68 4.28 3.88 3A!i 3.07 2.67
Dicalcium phosphate 1.31 1.57 lAO 1.24 1.07 0.90 0.73 0.57
Ascorbic acid' 0045 0045 0.45 0.45 0.45 0045 0.45 0.45
Vitamin premix" 0.30 0.30 0.30 0.30 0.30 0.30 0.30 O.3D
L-methionine 0.25 0.25 0.25 0.25 0.25 0.25 D.25 0.25
Choline chloride 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Mineral premix" 0.10 0.10 0.10 0.10 0.10 0.10 0.10 O.ID

"Diets contained approximately 6'7c moisture. 41 '7e crude protein. 11-14'7e crude fat. and 11'i(- ash.
" Meat and bone meal containing 52A'!c- crude protein. 22.6% ash. 11.0% fat. and 304% moisture on an as-i"

basis.
. Ascorbic acid supplied as L-ascorbyl 2-polyphosphate (Roche Inc.. Nutley. New Jersey. USA).
" Vitamin and mineral premixes were the same as reponed by Twibell et al. (2000).

considered imponant in practical diets as a
flavor component (Brown et al. 1993; Web­
ster et al. 1997). Meat and bone meal is an
economical alternate crude protein source.
but varying results have been observed in
hybrid striped bass fed diets containing
MBM. Webster et al. (2000) observed high­
er growth rates in sunshine bass fed fish
meal-free diets containing meat and bone
meal. but another study with the same spe­
cies reponed lower weight gains in fish fed
diets containing meat and bone meal (Web­
ster et al. 1999). Studies with both hybrid
striped bass and sunshine bass have indi­
cated high protein. lipid. organic matter.
and energy availability from MBM (Sulli­
van and Reigh 1995; Rawles and Gatlin
1999). However. there is no information on
growth responses and nutrient availabilities
in hybrid striped bass fed diets containing
different concentrations of MBM.

The objective of this study was evalua­
tion of meat and bone meal in practical di­
ets fed to juvenile hybrid striped bass.

Materials and Methods

Meat and bone meal (330/< beef. 290/,
pork. and 38% poultry: 380/, offal. 80/<
bone. 120/, trimming. and 420/< deadstock)
was supplied by Fats and Protein Research

Foundation Inc. (Bloomington. Illinois.
USA). Proximate analyses of the meat and
bone meal is presented in Table I. Soybean
meal. corn grain. and dicalcium phosphate
were obtained from local sources (Cargill.
Inc.. Lafayette. Indiana. USA). Menhaden
meal and oil. and reagent grade minerals
were obtained from commercial suppliers
(Omega Protein. Reedville. Virginia. USA
and Sigma Chemical. St. Louis. Missouri.
USA. respectively). Vitamins were acquired
from U.S. Biochemical (Cleveland. Ohio.
USA). L-ascorbyl 2-polyphosphate was ob­
tained from Roche Inc. (Nutley. New Jer­
sey. USA). Purified soybean lecithin. con­
taining 90% phosphatidylcholine and 3%
Iysophosphatidylcholine. was provided by
the American Lecithin Company (Oxford.
Connecticut. USA). Vitamins (with the ex­
ception of ascorbic acid and choline chlo­
ride) and minerals were added to the diets
as nutritionally complete premixes. Diets
were mixed and pelleted as previously re­
poned (Twibell et al. 2000).

Proximate composition and amino acid
concentrations of meat and bone meal. soy­
bean meal. corn grain. and fish meal were
analyzed prior to dietary formulation. Die­
tary ingredients were analyzed using the
same methods described below for tissues.
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All diets were formulated to contain 44lk
crude protein and 100/, lipid. Additionally.
all diets met the established and predicted
essential amino acid requirements for this
hybrid (Brown 1995). Meat and bone meal
was incorporated at either O. 15. 20. 25. 30.
35. 40 or 45lk of the dry diet. for an isoni­
trogenous amount of soybean meal (SBM)
and fish meal (FM). Both ingredients had
to be reduced in order to maintain EAA
concentrations at the desired levels. Dietary
formulations are in Table I. All diets fed to
fish during the study were manufactured at
the Purdue University Aquaculture Re­
search Facility. Dry ingredients were mixed
in a Blend MasterY-mixer (Patterson-Kelly.
East Stroudsburg. Pennsylvania. USA).
transferred to a mixer (Hobart Corp.. Troy.
Ohio. USA) and mixed with water and lip­
id. Choline chloride was dissolved in water
and mixed into all of the diets. Diets were
adjusted to pH 7.0 ::!:: 0.2 with saturated so­
dium hydroxide. Diets were pelleted with a
3.I-mm die attached to the mixer. The re­
sulting strands were broken into pellets of
uniform length and air dried for 72 h. Dried
diets were sealed in airtight bags and stored
at -20 C.

Juvenile hybrid striped bass (male Ma­
rone chrysops X female M..wxaTilis) were
obtained from a commercial producer (Keo
Fish Farms. Keo. Arkansas. USA) and
transported to the Purdue University Aqua­
culture Research Facility. Procedures used
during transport. quarantine. and experi­
mental period were approved by the Purdue
Animal Care and Use Committee (PACUC
No. 89-060-9~. "Nutritional Studies with
Aquatic Animals'" Principal Investigator
Qualification No. BRO-249 J.

The closed recirculating system used
contained 32 individual 190-L aquaria. The
experimental system was equipped with
four submerged filtration ranks for solid
material removal and a submerged biolog­
ical filtration tank for denitrification of the
water. Water was pumped through a sand
filter to each aquarium at a rate of -I L/
min. Water temperature was maintained at

28 ::!:: 2 C throughout the experiments. The
diurnal light:dark cycle of the aquaculture
facility remained at 16 h light:8 h dark
throughout the study.

Groups of 20 randomly chosen fish were
stocked into each of 24 aquaria. Fish were
acclimated to the experimental system and
their respective diets for 2 wk prior to each
experiment. Following the acclimation pe­
riod. the number of fish in each tank was
reduced to 15 so that the total weight of fish
in each tank was 820 =5.0 g (approxi­
mately 55 g/fish). Dietary treatments were
randomly assigned to triplicate aquaria. All
fish were fed to apparent satiation. Satiation
was defined as the point at which feed was
not consumed in the water column and lay
on the bottom of tanks without being con­
sumed for approximately 15 sec. Feed con­
sumption was measured daily by weighing
individual feed containers that were as­
signed to each experimental aquarium. The
experiment lasted 7 wk.

Water quality was monitored daily and
was within acceptable limits throughout the
study. Dissolved oxygen concentrations
were not below 5.0 mglL at any time. Am­
monia-N and nitrite-N concentrations did
not exceed 0.38 mglL and 0.18 mglL. re­
spectively.

At the conclusion of the experiment. all
fish were anesthetized (tricaine methanesul­
fonate. Argent ChemicaL Redmond. Wash­
ington. USA) and weighed 24 h after the
final feeding. Weight gain. feed efficiency
(FE). and protein efficiency ratio (PER)
were determined. No mortalities occurred
during the experiment. All fish were then
placed back into their respective aquaria
and fed for an additional 2 wk. Diets fed
during this period were the same as those
used during the 7-wk growth triaL but each
diet contained 0.5% barium carbonate as an
indicator of nutrient availability (Riche et
aJ. 1995). At the end of the 2-wk digest­
ibility triaL all fish were killed with a lethal
dose of tricaine methanesulfonate. and fecal
samples were collected from the posterior
10lk of the gastrointestinal tract by dissec-
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TABLE 2. Amino acid composition of diets fed to hybrid striped bass. Concentrations are expressed as per-
centage of the diet.

Concentration of meat and bone meal in diets ('7c)

Amino acid 0 15 20 25 30 35 40 45

Arginine 2.89 2.95 2.98 2.89 2.85 2.86 2.89 2.83
Cystine 0.57 0.58 0.58 0.59 0.60 0.61 0.56 0.58
Histidine 1.05 1.02 1.00 0.98 0.93 0.92 0.93 0.88
Isoleucine 1.82 1.76 1.71 1.67 1.52 1.51 1.57 1.48
Leucine 3.17 3.19 3.10 3.09 2.99 2.95 3.04 2.88
Lysine 2.46 2.47 2.40 2.35 2.22 2.18 2.28 2.06
Methionine 0.88 0.88 0.89 0.91 0.86 0.88 0.93 0.86
TSAA 1.45 1.46 1.47 1.50 1.46 1.49 1.49 1.44
Phenylalanine 1.96 1.91 1.87 1.84 1.77 1.74 1.77 1.68
Threonine 1.62 1.62 1.66 1.65 1.54 1.58 1.59 1.53
Tryptophan 0.51 0.47 0.45 0.44 0.4] 0.39 0.41 0.37
Tyrosine 1.37 1.32 1.30 1.27 1.21 1.20 1.23 1.15
Valine 1.99 2.01 0.03 1.98 1.91 1.87 1.93 1.86

tion (Austreng 1978). Additionally. various
tissue samples were collected.

Three randomly chosen fish were col­
lected from each dietary replicate and fro­
zen at - 20 C for subsequent determination
of carcass and fillet proximate composition.
Whole bodies were sliced and dried in a
forced air oven at 100 C for moisture de­
termination. Dried samples were ground
and used for determination of crude protein,
lipid. and ash. Crude protein was deter­
mined using a nitrogen analyzer (Perkin-El­
mer 2410 Series II: Norwalk. Connecticut,
USA). Ash was determined by incinerating
samples in a muffle furnace at 550 C
(AOAC 1990). Lipid was determined with
chloroform-methanol extraction in a soxhlet
extractor (Folch et al. 1957).

Muscle samples were dissected from
three separate fish and stored at - 20 C prior
to proximate analysis by the methods de­
scribed above. Visceral fat was dissected
from three fish for calculation of intraperi­
toneal fat (1PF) ratio (lPF x 100fbody
weight). Livers were removed and weighed.
then stored at - 20 C for subsequent lipid
determinations. Crude protein concentration
of feed and fecal samples was analyzed by
the method described previously. Barium
and phosphorus in dried diets and fecal
samples were wet ashed in an analytical mi-

crowave oven (CEM Corporation, Mat­
thews. North Carolina. USA) and analyzed
using inductively coupled plasma-atomic
emission spectroscopy (Perkin-Elmer Plas­
ma 400, Norwalk, Connecticut, USA). Es­
sential amino acid concentrations in feed
and fecal samples were analyzed (Table 2)
at the Experiment Station Chemical Labo­
ratories (University of Missouri-Columbia,
Columbia, Missouri, USA). The samples
were hydrolyzed with 6 N HCI for 4 h at
145 C (Gehrke et al. 1987), and the amino
acids were determined by cation exchange
chromatography in a Beckman 6300 Amino
Acid Analyzer (Beckman Instruments, Inc.,
San Ramon, California, USA). Methionine
and cystine were oxidized with performic
acid before hydrolysis (Moore 1963). Tryp­
tophan was measured according to a col­
orimetric method after enzymatic hydroly­
sis by pronase (Spies and Chambers 1949;
Holz 1972). Digestibility values were cal­
culated using a standard formula (Maynard
et al. 1979).

All data were analyzed as a completely
randomized design using each aquarium as
an experimental unit. Data were subjected
to one-way ANOYA (Zar 1984). All data
were analyzed using the Statistical Analysis
System (SAS Institute Inc., Cary, North
Carolina, USA). Student-Newman-Keuls
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TABLE 3. Mean .feed consumption (f!/replicate J. l\'eif!hT gain ('Ie increase J. feed cO/lI'ersion ratio (FCR J. and
protein efficiency ratio (PER J of hybrid striped bass fed mrying amounts (!f meat and bone meal.

Concentration Feed consumption Weight gain FCR' PER"

0 1372.9b l09a l.4ab 1.7
IS I594.4ab 140b 1.3ab 1.8
20 I444.7b 136b 1.2b 2.0
25 1608.0ab 139b 1.3ab u;
30 J825.2a 136b 1.5a 1.6 .s,.
35 I633.7ab 137b l.4ab U,
40 1639.5ab 140b 1.3ab 1.8
45 1619.2ab 138b J.3ab 1.9

Pooled SEM 74.5 6.3 0.05 0.1
ANOVA P-value 0.02 0.04 0.04 0.07

., Feed conversion ratio = g dry feed fedlg wet weight gain.
h Protein efficiency ratio = g wet weight gainlg protein fed.

test separated mean values when significant
differences were detected by ANOVA. Ac­
cepted level of significance was 0.05.

Results

Mean consumption of the diet containing
30% meat and bone meal (MBM) was sig­
nificantly higher than mean consumption of
the control diet or the diet containing 20%
MBM (Table 3). No other significant dif­
ferences were detected. but consumption of
all diets containing MBM was higher than
consumption of the control diet. Mean
weight gain of fish fed the control diet was

TABLE 4. MellI/ inTrllperitonelll.fill (IPFJ, hepoto.w­
marie index (HS/). and liI'er lipid concenrrarions (0;­
eln matTer) (!f hyhrid sTriped bass .It'd graded addi­
Tions of meat and bone meal.

Concentration IPF' HSI" Liver lipid

() 2.02 0.90 :>4.28
I:> 1.03 0.94 49,97
20 1.8:> 0.92 :>3.15
25 1.74 0.91 53.:>4
30 1.92 1,00 50,98
3:> !.40 1.20 50.02
40 1.07 0.9:> :>O.O!
45 1.29 O.9! 57.31

Pooled SEM 0.2 O.! 3.4
ANOVA P-value 0.3 0 ..' 0.7

, Intraperitoneal fat = weighl of lipid removed from
viscera/wet weight of fish.

h Hepatosomatic index = weI weight of liver/wet
weighl of fish.

significantly lower than fish fed any level
of MBM. Weight gains of fish fed the diets
containing MBM were not significantly dif­
ferent. Feed conversion ratio of fish fed
30% MBM was significantly higher than in
fish fed 20% MBM, but other values were
not significantly different. Protein efficien­
cy ratios were not significantly different
among dietary treatments.

Mean intraperitoneal fat. hepatosomatic
indices. and liver lipid concentrations were
not significantly affected by dietary addi­
tions of MBM (Table 4). Similarly. proxi­
mate composition of whole bodies (Table 5)
and fillet samples from dietary treatments
were not significantly different (Table 6).

Mean apparent crude protein digestibility

TABLE 5. Mean proximate composition of \\'llOle hy­
brid striped bass fed f!raded additions of meat lind
hone meal. Crude protein. lipid. and ash concentra­
Tions are expressed as a percentage of wet tisslle.

Crude
Concentration Moisture protein Lipid Ash

0 63.4 21.0 12.2 5.1
15 07.8 18.3 9.2 4.6
20 68.0 18.6 9.2 4.4
25 66.5 18.5 9.6 4.6
30 67.6 18.3 9.2 4.4
35 66.7 19.0 9.5 4.6
40 64.6 20.2 10.3 5.0
45 66.2 19.8 9.3 4.9

Pooled SEM 2.2 0.6 0.4 0.3
ANOVA P-value 0.3 0.2 0.1 0.5
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TABLE 6. ,Helin proximalI' composilion offillelsfrom
In'brid slriped hassfed graded addilions ofmeal and
hone meal. Crude prolein. lipid. and ash concemra­
Tions are expressed as a pen:i?lllage of H'el lissue.

TABLE 7. Mean apparem crude prolein digesTihilin'
and phosphorus ami/ahiliry of hybrid sTriped hass
fed graded addilions of meal and bone meal. Values
in Ihe same column wilh differelll /ellers are sign(f­
icam/y differem.

Crude
Concentration Moisture protein Lipid Ash Concentration Crude protein Phosphorus

0 77.0 18.8 2.3 1.8 0 81.0a 43.0
15 76.6 18.8 3.3 1.7 15 84.3a 37.5
20 76.3 19.0 3.0 1.8 20 84.3a 36.1
25 76.6 18.9 2.9 1.7 25 80.6a 40.9
30 76.7 18.7 3.4 1.7 30 80.8a 44.4
35 76.7 18.7 3.5 1.7 35 74.0a 39.9
40 76.8 18.8 2.9 1.7 40 81.2a 40.0
45 76.7 19.1 2.5 1.8 45 68.6b 34.9

Ponied SEM 0.2 0.3 0.4 0.03 Pooled SEM 2.6 4.4
ANOYA P-value 0.9 0.9 0.3 0.5 ANOYA P-value 0.01 0.8

in fish fed 45% MBM was significantly
lower than in fish fed other dietary treat­
ments (Table 7). No other significant dif­
ferences were detected. Mean apparent
phosphorus availability values were not sig­
nificantly affected by addition of MBM to
practical diets. Apparent availability of all
amino acids was significantly lower in fish
fed 45% MBM compared to fish fed other
treatments (Table 8). The apparent avail­
abilities of only some amino acids (argi­
nine. histidine. leucine. methionine. and
theonine) were lower for fish fed 45%
MBM compared to those fed 35% MBM.
Similarly. amino acid availability for fish
fed 35% MBM was significantly lower
compared to those in fish fed all other diets
except that containing 45% MBM. The
availabilities of a few amino acids in fish
fed 359c MBM were significantly different
from those observed for fish fed 459c MBM
(Table 8).

Discussion

Whole animal responses were not signif­
icantly affected by feeding MBM up to
45% of the dry diet. Those diets contained
279c soybean meal and 2.75C;'c fish meal
compared to the control diet that contained
54C;'c soybean meal and 16C;'c fish meal. Fish
fed the control diet exhibited lower weight
gain (Table 3) than fish fed diets containing
MBM. The amino acid composition of the

diet was similar to those of all other diets
(Table 2); these concentrations exceeded
published requirement estimates for this
species. It is likely that the lower weight
gain observed for fish fed the control diet
may have been a result of lower consump­
tion of this diet (Table 3). Thus. it appears
MBM can be used as the primary source of
crude protein and essential amino acids in
diets fed to hybrid striped bass. It is unclear
if higher levels of MBM can be used or if
MBM can serve as the sole source of crude
protein and essential amino acids.

MBM has been identified as an appro­
priate ingredient in diets fed to Nile tilapia
Oreochromis ni/oticus (EI-Sayed 1998; Wu
et al. 1999). Indian carp Labeo rohita (Paul
et al. 1997). African catfish C/arias batra­
chus (Rao et al. 1997). yellowtail (Shimeno
et al. 1993). channel catfish leta/ums PUIlC­

talUS (Mohsen and Lovell 1990), milkfish
Chanos challos (Alava and Lim 1988). and
rainbow trout OncorhYllclllL'I mykiss (Re­
hulka 1985). However, most of these eval­
uations incorporated MBM at relatively low
levels in the diet (6-12% of dry diet) or
were complete replacement of fish meal
with MBM (El-Sayed 1998). Bureau et al.
(2000) fed either 12 or 24% of the diet as
MBM and reported no significant differenc­
es in weight gain. feed efficiency. or reten­
tion of nitrogen. lipid. or energy in rainbow



454 BHARADWAJ ET AL.

TABLE 8. Mean apparell1 amino acid availability from hybrid striped bass fed graded additions of meat llnd
hone meal. Values in the same column with different superscripts were significantl.'" different.

Concentration Arg . His lie Leu Lys Mel Phe Thr Trp Val

0 90.2a 8Ub 85.5a 88.6a 85.7a 89.4a 87.1a 82.5ab 73.2a 84.2a
15 91.3a 87.9a 83.2a 85.0ab 88.8a 85.3a 87.6a 80.7ab 77.1a 81.7a
20 91.7a 89.7a 85.5a 87.2ab 89.4a 85.4a 88.8a 81.5ab 79.0a 84.7a
25 89.4a 85.2ab 81.4a 83.0b 84.5a 83.6a 84.8a 78.0b 73.5a 80.3a
30 90.2a 85.3ab 81.2a 84.lab 87.5a 83.9a 85.6a 79.6ab 73.4a 82.1a
35 74.9b 70.3e 62.4b 66.4e 61.1b 65.6b 68.2b 60.8e 48.0b 63.0b
40 92.4a 90.0a 86.2a 88.6a 90.4a 90.2a 89.9a 85.la 80.8a 86.0a
45 70.8a 64.2d 65.0b 61.1d 63.5b 58.le 69.5b 54.3d 48.0b 59.8b

Pooled SEM 1.0 1.3 1.5 1.2 1.9 1.8 1.6 1.5 2.2 1.5
ANOVA P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

trout fed either of three sources of MBM
compared to fish fed a control diet. Kikuchi
et al. (1997) evaluated MBM levels of 9,
18. 36 or 44% of the diet and determined
that levels up to 18% were efficacious in
diets fed to Japanese flounder Paraliclzrhys
o/ivaeceus. Robaina et al. (1997) deter­
mined that MBM could be safely used in
diets for gilthead seabream Sparus aurata
at levels of 20% of the dietary protein. Ad­
ditionally. feed efficiency and protein effi­
ciency ratio of fish fed 20% of the protein
as MBM were higher than in fish fed the
control diet. Tacon et al. (983) determined
that MBM could be used in place of 75%
of the dietary crude protein in diets fed to
Nile tilapia. Channel catfish consumed
more feed. converted that food to tissue bet­
ter. and gained more weight than catfish fed
no MBM (Mohsen and Lovell 1990). How­
ever. dietary concentrations of 5 and 10%
of the dietary crude protein were the only
levels evaluated. Thus. it appears the hybrid
striped bass can utilize MBM as well as
most other species tested to date. Studies
with hybrid striped bass have shown vary­
ing results. Sunshine bass fed a fish meal­
free diet composed of 309r SSM and 309<­
MSM exhibited significantly higher weight
gain compared to fish fed diets containing
SSM and PSM and SBM and FM (Webster
et al. 1999). However. weight gain in fish
fed a diet containing SSM. MSM. and
PSM was not significantly lower. In another
study with sunshine bass (Webster et al.

2000) significantly higher weight gain was
observed for fish fed a fish meal-free diet
containing 35% SBM and 35% MBM com­
pared to that in fish fed a control diet com­
posed of 30% SBM and 30% FM.

Processing characteristics of hybrid
striped bass fed MBM were not signifi­
cantly affected. There were no significant
increases in visceral lipid deposits or liver
weight that would decrease dressout per­
centage. Further, liver health does not ap­
pear to have been impacted as liver lipid
concentrations were not significantly al­
tered as MBM increased in the diet. Carcass
and fillet proximate composition were not
significantly affected by dietary treatments:
thus. the nutritional benefits of consuming
hybrid striped bass appear to have been
maintained. Effects on fatty acid profile
should be evaluated.

As the dietary concentration of MBM
reached 45% of the diet, several nutrient
availability values decreased significantly.
The reason for this decrease is unclear and
it did not impart a significant impact on
whole-animal production characteristics.
The decreases in nutrient availability may
simply be a situation in which the intake of
those nutrients was in excess of the ani­
mals' needs and absorption mechanisms
from the gastrointestinal tract were over­
whelmed. Additional research into this sit­
uation may prove useful. However, it is
clear that hybrid striped bass can efficiently
use MBM as a source of nutrients.
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Brown et al. (1985) reported the apparent
crude protein digestibility (ACPO) of MBM
was 82CK in channe~ catfish. while Cruz
( 1975) reported ACrO of 72o/c. Cho et al.
(1982) reported ACPO values for rainbow
trout of 82o/c. Hajen et al. (1993) reported
ACPO value of 85CK for chinook salmon
Oncorhynchus tshawwscha fed MBM. True. .
amino acid availability from MBM has
been reported for channel catfish (Wilson et
al. 1981). Those values ranged from 76 to

88CK. Apparent phosphorus availability val­
ues for feedstuffs of animal origin range
from 20 to over 80o/c. with most around 40
to 500/, (Riche and Brown 1996). In hybrid
striped bass. ACPO for MBM was deter­
mined to be 73% (Sullivan and Reigh 1995:
Rawles and Gatlin 2000). Values deter­
mined in this study were for a combination
of ingredients. but are within the range of
previously reported nutrient availability
values for fishes.

Apparent crude protein digestibility and
amino acid availability values were lower
in fish fed 35 and 450/, MBM than in fish
fed other concentrations. but similar in fish
fed 40% and concentrations below 35o/c.
We suspect that analytical variability asso­
ciated with small sample size contributed to
the higher values in fish fed 400/, MBM.
While MBM concentrations up to 45% did
not adversely affect whole animal respons­
es. nitrogen digestibility decreased. In those
situations where nitrogen discharges are
limited. MBM concentrations below 350/<
might be appropriate.

Production of hybrid striped bass is one
of the newest and most rapidly growing
aquaculture industries in the U.S. Based on
these data. MBM can serve as the primary
source of crude protein and essential amino
acids in diets fed to this hybrid. Based on
the cost of ingredients. a change from cur­
rent formulations to those containing high
levels of MBM could reduce feed costs by
approximately 200/,. opening a new market
for MBM and helping this new aquaculture
industry grow.
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